Abstract The objective of this study was to assess attitudes and opinions of women declining
Introduction
Cystic fibrosis (CF) is the most common, severe autosomal recessive disease in Caucasians, with about 1 in 2,500 live births affected and a carrier frequency of 1 in 25 (Southern et al. 2007) . CF is characterised by chronic suppurative lung disease and pancreatic exocrine insufficiency, with a life expectancy of 30-40 years (Rowe et al. 2005) . There is currently no cure for CF. Treatment involves time-consuming daily therapies including chest physiotherapy, antibiotics, pancreatic enzymes, a controlled diet and lung transplantation for some (O'Sullivan and Freedman 2009) .
CF results from mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. To date, more than 1,800 alterations have been identified with the most common mutation being p.F508del, which accounts for approximately 70% of all mutations in individuals from Northern Europe (CFTR Mutation Database 2008) . Since the discovery of the gene in 1989, screening for carriers of CF has been possible.
CF carrier screening involves testing healthy, unaffected individuals or couples to determine if they are heterozygous carriers of specific CFTR mutations that could be inherited by their children. Screening offers couples, where both partners are carriers, reproductive choices regarding the birth of a child with CF. There are two approaches to carrier identification: cascade testing and population screening. Cascade testing is the testing of individuals who have a family history of CF and are therefore at increased risk of being a carrier. This method of testing is widely accepted and utilised worldwide. However, it has been shown that more than 95% of carriers have no family history of CF (Boulton et al. 1996) . Population screening aims to educate and test as many individuals as possible regardless of whether or not they have a family history of the disease.
In 1999, the National Institutes of Health recommended that CF carrier screening should be offered to all couples planning a pregnancy and seeking prenatal care (Grody et al. 2001) . Subsequently, the American College of Obstetricians and Gynecologists and the American College of Medical Genetics released statements supporting the availability of population carrier screening for CF, recommending that all pregnant women and couples planning a pregnancy should be offered CF screening (Grody et al. 2001) . In Australia, similar recommendations were made with the Human Genetics Society of Australasia stating that all pregnant couples and couples planning a pregnancy should be made aware of the availability of carrier screening for CF (Human Genetics Society of Australasia 2011).
In the state of Victoria, Australia, a population-based CF carrier screening programme was implemented in 2006. The programme offers screening to women and couples before or during the early stages of pregnancy via private obstetricians and general practitioners. It is currently a fee-forservice programme with each test costing AUD$220. During the first 3 years of the programme (2006) (2007) (2008) , 3,200 individuals were screened, all partners of carriers were screened and carrier couples used the information received to make reproductive decisions (Massie et al. 2009 ). In 2008, we conducted a study exploring the attitudes and outcomes of individuals who accepted CF carrier screening, excluding carrier couples, through this programme (Ioannou et al. 2010) . The programme was found to be adequate with relatively high knowledge retention and recall of carrier status. There was no difference in the level of anxiety between carriers and non-carriers and many carriers passed on information about the risk of carrier status to other family members (Ioannou et al. 2010) .
The aim of this study was to explore the attitudes of pregnant women who declined an offer of CF carrier screening and compare these to the attitudes of individuals who accepted CF carrier screening from our previous study (Ioannou et al. 2010 ).
Materials and methods
The CF carrier screening programme
The CF carrier screening programme in Victoria, Australia, is conducted by Genetic Health Services Victoria (GHSV), and screening is offered to women and couples before or during the early stages of pregnancy by private obstetricians and general practitioners. Pre-test advice and information on CF and screening is provided by the offering doctor, information brochure and the programme website (www.cfscreening.com.au).
The brochure outlines the clinical features of CF and the risk of an individual from the general population being a carrier, and having a baby with CF. It explains that there is a test to determine carrier status and when is the most beneficial time to have carrier screening. It also provides details on the interpretation of results including residual risk (meaning those with a negative result do not carry one of the common CFTR mutations tested, and their risk of being a carrier is greatly reduced but not eliminated) as well as the implications of being identified as a carrier couple.
The test screens for 12 of the most common CFTR mutations and is conducted using a check brush swab at a cost of AUD$220, with no government or health insurance rebate.
Participants
Participants were recruited using two different methods:
1. Women were approached in the waiting room of two private obstetric ultrasound clinics in Melbourne, Victoria. Those who had received an offer of CF carrier screening and declined the offer were invited to participate in the study. 2. Two obstetricians who have private practices and offered CF carrier screening to their patients through the GHSV programme invited patients to participate in the study upon declining a direct offer of screening.
Questionnaire
The purpose-designed questionnaire assessed the following domains: demographic variables, knowledge of CF and CF carrier screening, reasons for declining screening, satisfaction with the decision to decline screening, evaluation of carrier screening information provided and attitude towards CF carrier screening. The knowledge questions and factors influencing the decision to decline screening were sourced from the questionnaire used in the previous study of people who accepted the offer of carrier screening, to allow for comparison (Ioannou et al. 2010) . The questionnaire can be viewed at http://www.mcri.edu.au/cfscreening. The questionnaires were completed anonymously, either in the waiting room and handed to the researcher or returned via a reply paid envelope. As details of the people who were given questionnaires to return by post were not recorded, further contact was not possible if the questionnaire was not returned.
There were 15 statements regarding knowledge about CF and carrier screening requiring one of three responses: true, false or unsure. Answers were scored as being correct or incorrect, with unsure being scored as incorrect. The total knowledge score for each participant was calculated as the sum of correct responses.
The decisional scale used in the questionnaire was the validated Decision Regret Scale (Brehaut et al. 2003) .
Comparison group
The results of the current study were compared to a previous study involving 47 carriers and 65 non-carriers, exploring the characteristics of individuals who chose to have CF carrier screening and their attitudes towards carrier screening (Ioannou et al. 2010 ).
Analysis
Data analysis was conducted using SPSS (Windows, version 17.0; SPSS Inc., Chicago, IL, USA). Preliminary descriptive analysis generated frequency data to elicit the description of participants.
Factors influencing the decision to decline screening were measured on 5-point Likert scales. For analysis, points '1' and '2' were combined to form the category 'did not influence', the middle point '3' remained neutral, while points '4' and '5' were combined to form the category 'influenced'. Satisfaction with the decision to decline screening was assessed according to the level of agreement with five statements (listed in Fig. 4 ), using 5-point Likert scale responses. For analysis, points '1' and '2' were combined to form the category 'agree', the middle point '3' remained neutral, while points '4' and '5' were combined to form the category 'disagree'.
The data from the current study of participants who declined screening were compared with data from the previous study evaluating the attitudes and outcomes for individuals who had accepted screening (Ioannou et al. 2010 ). Analysis of categorical variables was undertaken using χ 2 analysis, and, for continuous variables, differences in means between groups were assessed using t tests. A p<0.05 was considered statistically significant.
Ethics committee approval
This study was approved by the Human Research Ethics Committee of the Department of Human Services, Victoria, Australia (HREC 15/05).
Results

Response
Between December 2009 and May 2011, a total of 308 women were approached in the waiting room of two private obstetric ultrasound clinics, of whom only 69 (22%) had been offered CF carrier screening. Of these women, 33 declined the offer of screening and were invited to participate in the study. Twenty-nine completed questionnaires were received, giving a response rate of 88%.
In addition, 25 completed questionnaires were received, over a period of 5 months, recruited by the participating obstetricians. No response rate was able to be recorded for this method of recruiting as the number of women provided with the questionnaire was not reported. Overall, 54 completed questionnaires were received and used in the analysis.
Demographic variables
The demographic features of those who declined screening and those who accepted screening are presented in Table 1 . All participants were female with 29 (54%) aged between 30 and 34 years, 41 (76%) having a university degree and 40 (76%) having an annual household income of more than AUD$100,000 per annum. All participants had a partner and were pregnant at the time of receiving the offer of CF carrier screening.
Those who declined the offer of screening were significantly younger in age, with the majority in the 30-34 age group, compared to those who accepted the offer of screening, where the majority were in the 35+ age group (χ 2 =12, p<0.01, df=3).
Knowledge about cystic fibrosis and screening
Participants were asked to select a response to 15 knowledge statements regarding CF and carrier screening. Twenty-five (47%) of the participants selected the correct response to 10 or more of these knowledge statements. There were five knowledge statements for which <50% of participants selected the correct response. These were the following: (1) CF affects more males than females (false); (2) couples who have a child with CF usually have a family history of this condition (false); (3) CF genetic test can identify all CF carriers (false); (4) if only one partner is identified as a carrier, there is still a small chance of having a child with CF (true); and (5) if no gene change is found the person cannot be a carrier of CF (false). With the exception of knowledge statement (4), <50% of participants who accepted screening selected the correct response for these statements as well (Ioannou et al. 2010) .
Knowledge of CF and CF carrier screening was significantly lower in those who declined screening compared to those who accepted screening (t=3.32, p<0.01; Fig. 1 ).
Factors influencing the decision to decline screening
Participants were asked to rate factors that might have influenced their decision to decline CF carrier screening on a Likert scale. The factors most commonly rated as influencing the decision to decline screening were having no family history of CF and having no family history of other genetic conditions, chosen by 31 (58%) and 29 (54%) participants, respectively. Believing that they would not consider a termination of pregnancy for CF was identified as an influential factor for 24 (45%) participants. Thirtythree (61%) and 46 (84%) participants, respectively, stated that their doctor's recommendation or lack of time did not influence their decision to decline screening (Fig. 2) . Three factors were considered to be influential in the decision by a significantly greater proportion of those who declined screening than those who accepted screening. These were (1) family history of CF (χ 2 =83, p<0.01, df=2), (2) family history of other genetic conditions (χ 2 =79, p<0.01, df=2) and (3) perceived susceptibility of being a carrier of CF (χ 2 =43, p< 0.01, df=2). Doctor's recommendation was an influencing factor more often amongst those who had screening than those who declined screening (χ 2 =18, p<0.01, df=2; Fig. 3 ). Twenty (37%) participants who declined screening believed that a reasonable price to pay for CF carrier testing is between AUD$50 and AUD$100, and 17 (32%) thought the test should be free. Only nine (16.7%) participants indicated that over AUD$100 is a reasonable price to pay.
Satisfaction with decision to decline screening
Participants were asked to rate their feelings in regards to their decision not to have CF carrier screening (Fig. 4) . Thirty-eight (72%) participants felt they had made the right decision, 30 (58%) felt their decision was a wise one and 38 (72%) stated they would make the same choice if they had to do it over again. However, seven (14%) participants felt that their decision did them a lot of harm, and five (9%) regretted the choice that they made.
Pre-test Information
Forty-one (76%) participants believed they had enough information to make the decision to decline screening, with 32 (60%) stating that they received the bulk of their information from their doctor followed by the brochure (32%). Forty (80%) participants were satisfied with the information provided with only 11 (20%) seeking further information-the main source of further information was family and friends (55%) followed by their doctor (36%). None of the participants viewed the GHSV CF carrier screening programme website.
Attitude towards CF carrier screening Thirteen (24%) participants wished to be offered testing at another time-of these, 72% stated that they would have liked to be offered testing before pregnancy. Fifty-one (95%) participants believe that CF carrier screening should be available to those who wish to have it, with two participants being unsure and one stating that it should not be. 
Discussion
This study explored the reasons why pregnant women chose to decline an offer of population-based CF carrier screening, and compared these to the factors that influenced women to accept screening as determined in a previous study (Ioannou et al. 2010) . All participants in this study were women who were pregnant and had a partner at the time of receiving an offer for CF carrier screening. The most common reason for declining screening was a lack of family history of CF or other genetic conditions. Most participants were satisfied with the information provided; however, 24% of participants wished that they had been offered screening at another time, and 95% of participants believe CF carrier screening should be available to those who wish to have it. The majority of participants were well educated with higher than average income, reflecting the private health setting in which screening is currently offered in Victoria, Australia. Women who declined screening were significantly younger than those who accepted screening (Ioannou et al. 2010) . Other studies have found that women who have had previous healthy children are less likely to accept the offer of screening (Fries et al. 2005) . A study conducted in Western Australia found that individuals without children were 50% more likely to have screening than those with children (Honnor et al. 2000) . In our study, we found no difference in the number of children between those who declined screening and those who accepted it, although having previous healthy children was chosen as an influencing factor by a significantly greater proportion of participants who declined screening than of those who accepted it. Participants who declined screening had significantly less knowledge in relation to CF and CF screening than acceptors. This effect is not due to the difference in time interval between being offered screening and completing the questionnaire, with those who declined screening completing the questionnaire a maximum of 4 weeks after receiving an offer of screening compared to those who accepted screening with the majority completing the questionnaire more than 12 months after being tested (Ioannou et al. 2010) . Studies have shown that knowledge level prior to participating in screening is low, with individuals being unaware that CF: is an inherited condition, affects the lungs, majority of carriers have no family history and carriers do not show symptoms of the disease (Decruyenaere et al. 1992; Magnay et al. 1992; Williamson et al. 1989; Grody et al. 1997; Hill et al. 1995) . Lack of knowledge appears to be a significant factor in the decision to decline screening, with the main reason for declining screening being the lack of a family history of CF or family history of other genetic conditions. However, the majority of carriers of CF and children born with CF in fact have no known family history of the condition (Boulton et al. 1996) . A study from Canada had similar findings, with participants who declined screening stating that the main reason for declining screening was having no family history of CF (O'Connor and Cappelli 1999) .
The current programme is inequitable with the test only being offered in the private health system to those willing to pay. Reports from other screening programmes suggest that the cost of screening is a significant factor in the decision whether to have screening, yet this did not appear to be a major factor in our study (Durfy et al. 1994; Barlow-Stewart et al. 2003) . Although the majority of participants felt that a reasonable price to pay for the test would be between AUD$50-100, the cost of the test was not stated as an influencing factor in the decision to have screening by two thirds of participants. This is most likely due to the setting in which screening is currently offered, with women in the private health system, on average, having a significantly higher household income than those in the public health system (Australian Bureau of Statistics 2012). Nevertheless, it could be reasonably anticipated that if screening were free, then uptake would be higher.
While education about CF and carrier status and equity of access are important factors likely to increase the uptake of CF carrier screening, many pregnant women will still choose not to have screening even if they are well informed and the test is free, as many would not consider a termination of pregnancy in the event of a CF diagnosis. While there was no significant difference in affiliation with religion between acceptors and decliners, not considering a termination of pregnancy for CF was an influencing factor in the decision to decline screening for a large proportion of participants. Similarly, another study found that nonpregnant women often cited that abortion and religious beliefs are important factors in the decision whether or not to have screening (Clayton et al. 1996) . In a number of studies that explored the reasons for declining CF carrier screening, all found that a main reason for declining screening was not intending to terminate a pregnancy (Cuckle et al. 1996; Levenkron et al. 1997; Livingstone et al. 1993; Loader et al. 1996; Mennie et al. 1992) . Of the participants who wished to be offered testing at another time, the majority would have liked to receive an offer of screening prior to pregnancy. While preconception screening is believed to be the best time to offer screening, as identification of carrier couples preconceptionally provides the most reproductive options as well as giving couples more time to make reproductive decisions compared to prenatal screening, it has been associated with lower uptake than prenatal screening (Ioannou et al. 2010 ). This is due to lack of interest at this life stage, lack of preconception health care setting in which to offer screening and a large number of unplanned pregnancies (Poppelaars et al. 2003) .
Health professionals are often the gatekeepers of screening, and their attitudes, opinions and knowledge regarding screening are significant in the effectiveness of offering population-based screening for CF carrier status. A recent study by Stark et al. (2013) showed that barriers identified by Australian obstetricians in regard to routinely offering genetic (not just CF) carrier screening were: time constraints, costs and availability of supporting services. A lack of knowledge and experience in regard to CF and genetic screening has also been indicated as a barrier, with health professionals not feeling confident in their ability to provide screening to their patients, which may contribute to women's reasons for declining screening.
There are a few limitations to this study. The screening programme is currently only offered in the private health sector, and not every obstetrician informs his or her patients of the availability of CF carrier screening. Participants were all sourced from relatively few obstetricians, with approximately half of the participants being recruited from a single obstetric clinic. This has implications for the results, as there would be limited variability in the way information about the test was provided to participants. In addition, there is a lack of information on the consistency of pre-test counselling with the offer of screening by obstetricians ranging from an oral discussion and direct offer to including the screening programme brochure in a pre-pregnancy information pack with no direct offer of screening. The response rate for recruitment at the ultrasound clinics was 88%, which is very high for this type of study, and is likely to be representative of the women who declined screening in this programme, as the majority of private obstetricians offering CF carrier screening refer their patients to these clinics.
In conclusion, the main factor affecting uptake of CF screening is lack of knowledge regarding the inheritance patterns of recessive genetic conditions. In order to increase uptake of CF carrier screening and facilitate informed decision making, the programme needs to focus more on informing and educating both providers and consumers and ensuring equity of access by offering the test in the public as well as the private health sector, at a lower cost.
